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ABSTRACT 


Th« study presents the results of characterization of wastewater 
fraa Hostel 17 of Indian Institute of Technology* Kanpur* kstaRg many 
determinations t two important parameters namely wastewater flow and BOD 
have been found to be 128 gallons per capita per day and 0.12 lb per 
capita per day respectively* The effect of temperature on BOD rate 
constant was also studied using Warburg respircsaeter and standard BOD 
technique. The rate constant was found to increase up to 35°C after 
which it started decreasing. 
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1. IffiEBQBUCTIOI 1S3) SCOPE OP STUDY 


India is getting industralized and urbanized at a rapid rate* 
With this an aver increasing volume of industrial and domestic wastes 
are being discharged* These wastes ultimately find their way in a 
natural water course* Any stream has a limited capacity to assimilate 
waste* Thus the discharge of untreated wastes in streams reduces its 
beneficial uses and endangers the health of oosmunities using the 
water from these streams for domestic purposes* Use of sueh water 
requires costly treatment operations which could be minimised by a 
careful management of the waste initially. 

To preserve the purity of water ways and to be able to suit 
the economic conditions of communities in India inexpensive and suit- 
able sewage treatment methods should be evolved. For an intelligent 
design, of waste treatment plant it is necessary to know the eharaot- 
erstics of the waste* In addition characterization is haLpfhl in control 
and operation of treatment plant and evaluation of its efficiency* Yexy 
few studies regarding characterization of wastes have been carried out 
in India* It will be helpful to have more studies of this type to fur— 
nish realistic data to be able to plan and to base design of waste 
treatment facilities. In the present study waste water from Hostel IT 
of Indian . Institute of Technology , Kanpur* has been analysed for its 
ohsract crstics ♦ The hostel accommodates about 450 persons* The waste 
water analysed is purely domestic in nature as it consists of waste 
water from the ccmsunity ness, canteen, floor washings, bath 
and water closets* 



The biochemical oxygen dm tand, BOD, test is me of the important 
parweters to measure the strength of a waste. Also to observe the 
progression of decay of organic matter in a stream one should know the 
rate at which BOB is being exerted. According to standard practice the 
BOB of a waste and its rate oonstant are detexained at 20°C, which Is 
the mean strew temperature in TJ.S.A. and other European countries. 

The temperature of wator in streams in Balia is higher and in item 
critical months of summer when the Biological activity is maximum it 
may even he as high as 55°C. Since the strew temperature is bound to 
he different from the standard temperature at which BOD data is aval** 
lable, the relationship between values of BOD rata constants at differ- 
ent temperatures becomes important. Work has been done in this area 
by other workers in India (l),(2),(5). However, there is difference in 
the data reported as to the applicability of the stand^relationahip 
between BOD rate constants at different temperatures arrived at in 
other countries. In the present study the effect of temperature on 
BOB rate constant was also studied by using a Warburg respirmpeter 
as well as the standard BOD dilution method ( 4 ). 



2* LITERATURE REVIEW 


2*1 Parameters of Characterization 

Humber of parsseters fox characterization of waste water 
have been recommended ( 4 )* Those which wexe used la this study axe 
nentionsd below along with their significance. 

Observation of tespezataxe of wastewater is useful in indi- 
cating the solubility of gases in it and rate of biological activity* 
Temperature effects the visooaity of wastewater which in turn effects 
the efficiency of sedimentation. Homally in India the tosperature of 
sewage la 1-2°G higher -teen the toeperatuxe of water supply. In Hfoited 
States the tewpexatoxe of water supply is wuoh lower (7-0°C), but due 
to usage ef stesa and bet water for doaestio purposes the tweperature 
of waste way be as high as 20°C* Tewpezatuxes of doaestio wastewater 
varying frew l6-2(>8 have book reported for United States ( 5 )* Except- 
ionally hi# tosperature ef wastewater indicates presence of hot 
industrial wasto* 

Determination of hydrogen Ion concentration or pS is valuable 
asinly in controlling tbs operation of a sewage treatnewt plant* The 
pi of fresh doaestio waste is slightly wore than the water used* The 
increase in pS nay be due to addition of eospeunde ef apwonia end 
phosphates* Stale sewage beeones aoidio lnnature. In the acidic range 
hydrogen sulfide gets oxidised to sulfurie acid, which mqt attack the 
materiel of the sewer plpes(6)* pH value in the range ef 7*5-8«© have 
been reported for doaestio wastes tram various oities in India (7)*(8). 



Total solids in a waste ars important as an index to Its 
strength, the meant of treatment required and as a measure of the 
efficiency of a treatment derioe (9),(l0). Solids axe contributed to 
the domestic oasts in the form of has an wastes, kitchen washings, 
floor sweepings etc. Total solids may ho divided in to suspended 
sad dissolved solids fractions which may he further characterised as 
volatile and fixed ox organic and inorgsnlo respectively. Oat of 
these volatile suspended and dissolved fractions are important beoanse 
they ars putrefactive and difficult to reaovs. Dissolved inorganic 
fraction becomes important if reuse of waste is planned as tads frac- 
tion nay have to he removed hy chemical precipitation or other ooatly 
methods* Total solid content of the domestic waste in U.S.A. have ham 
reported to he of the order of shout 700 mg/l (ll). In India studies 
have shown that it lias in the range ef 1100-2200 mg/l (8),(l2),(l3), 
(14)« 

The chloride content of wastewater above the normal chloride 
content ef water supply to a community is used as an index of the 
strength of waste. Human excreta, particularly urlna, contains chloride 
In an amount nearly equal to the chlorides consumed with food and water* 
This amount averages about 8 grama of chloride per person per day* With 
am avexaga per capita per day wastewater flow of 100 gallons, Shis should 
result in the chloride content of wastewater to he 15 mg/l higher than 
the water consumed (6). Studies for some Indian eitiea have reported the 
chloride content of domestic waste In the range of 85-500 mg/l (7)*(8), 
(l4)« Vo values for the concentration in water supply me reported* 



The principal nitrogenous compounds in the waste are proteins 
and urea (ll). A aaonla nitrogen is formed as a result of bacterial de- 
composition of proteinacioua matter and urea. The total concentration 
of ammonia and organic nitrogen is a valuable index of the strength of 
wastewater and is important at tines in the selection of type of trea- 
tment to he given. For an aerobic biological treatment system to oper- 
ate satisfactorily a Kffiil ratio of 100*5 is necessary ( 15 ). 

Studies in India have reported the value of ammonia nitrogen 
in the range of 12-24 mg/l (8),(l4) and values of the order of 20-25 ng/L 
for albuminoid nitrogen, which is generally half of the organic nitrogen 
( 8 )*( 12 )* 


Phosphorous is contributed to the domestic waste by human waste 



In addition to this source 


synthetic detergents contribute substantial amount of phosphorous. 


Organisms involved in biological processes of waste treatment require 


phosphorous for reproduction and synthesis of new cell tissues. Domestic 
wastewater contains amount of phosphorous far in excess of the amount 
needed for this purpose (6). For adequate nutrition of a biological 
process BGDtEtP ratio of 100*5*1 has been found satisfactory (15)* 
Phosphorous content ranging from 5-8 mg/l has been reported for the 
waste waters from sons Indian cities (8),(l4)» 

Both nitrogen and phosphorous combined together are responsible 
for eutrophication in water bodies ( 16 ). Sawyer ( 17 ) has concluded that 
other conditions being suitable y say lake showing concentrations in 
excess of 0.01 ppn of inorganic phosphorous and 0*5 ppm of inorganic 
nitrogen at the tine of spring overturn could be expected to produce 


pigni blooms of such density as to cause nuisance. Currently great 
effort is directed towards renewal of these nutrients from waste 
streams* 

The 'biochemical oxygen demand# BOB# of a wastewater is amount 
of oxygen required by saic reorganises to oxidize the decomposable org- 
anic matter to carbon dioxide and other nonoxidisable stable end 
products under aerobic conditions# Since the decomposition by biol— 
ogical means may take a long time for its completion, it is custo- 
mary to observe the oxygen demand up to fire days* further more as 
the biological reactions are affected by temperature# the standard 
BOB test measures the oxygen uptake at 20°C. 

The rate of exertion of oxygen demand by microorganisms for 
decomposition of organic matter baa been formulated in the form of a 
first order reaction as given below (l 1 )* 

y t“ * L 0 ( 1 “ 10 ~ iCt } ......... 2.1.1 7 

where I> o is the oxygen demand of the waste initially, y t is the oxygen 
demand exerted in time t,X and k are the BOB rate constants corresp- 
onding to common and natural logarithams respectively. The above form- 
ula is only an approximation as in practice the rate of oxidation is 
not constant and the value of K change with time. The reason being a 
heterogeneous nature of the organic matter and changing concentration 
and nature of biological life present in the wastewater during the 
period of experiment. 

Humber of methods have been suggested to determine the value 
of K from the observed values of y^ (I8)#(l9),(20),(2l). Out of these 
the one given by Fujimoto (20) has been used in the present study* 



The method is explained in Appendix A. 

The knowledge of BOB contribution per capita and BOB rate 
constant is important for an intelligent design of wastewater treat- 
ment facilities, prediction of equivalent population and control of 
pollution of water todies* In B*S*A* a donee tie wastewater is reported 
to have a 5 day, 20°C BOB ranging from 0*12 - 0*22 lh/ cap/ day with an 
average of about 0.17 lh/cap/day (2). In U.K. a 5 day, 20°C BOB value 
of 0.12 lb/ cap/ day has been reported by Bolton and Klein (23)* In these 
countries the reported values of rate constant at 20°C, K^q lie between 
0.16 - 0*3 per day (24), (25), (26). Studies carried out in India have 
reported a 5-day, 20° C value in the range of 0*06 - 0,1 lb/ cap/ day (2) 
and values in the range of 0.12 - 0,17 per day (l),(2),(3)* 

Chemical oxygen demand, COB, test has been devised in an attempt 
to overcome the objections to the BOB test such as the time required for 
the test and uncertainties concerning the reaction rate constant K. The 
COB test involves chemical digestion of sample with an oxidizing agent. 

A corelation can be found between BOB and COB which could be used to 
predict the BOB values. However, this would be satisfactory only when 
the composition of wastewater is fairly constant. 

The volume of wastewater sad its hourly variation depends upon 
the population, type of community served, underground water conditions, 
season and time of oonc ewtrat ion. The maximum and minimum rates of flow 
are the controlling factors in the design of sewers. The capacity of the 
sewers must be sufficient to carry the maximum load and they must be 
laid car such a slope that deposition will not occur during minimal flew. 



fkt ralatlenahipe Utn« aaxtoun, BiBira aadcniai* flora ten Boon 
expressed ra fallows (22)* 

Marians dally flov * 2 * innfi tally flow • * . • 2*1*2 
m«l— i hourly flow** 1.5 x aaxtoua tally flow 


m 3 * time* tally flow • * 

Aw . (u ♦ v» 

W - < 5 "“/¥T 


2.1.J 


2*1*4 


tew < 4 mbc •* 4 axo Hit asxtoun and araxage xatra of flow xaoyaattoaly 
aat 2 to too population to tBowoaata* 


to U.S.A. too waotaoatox flaw Baa Boon reported to too range of 
70 ~ 100 gal/cap/dej r (S>)*(H)»(22)« Axeeiwala ant tojsa dragedfcar (2) ten 
reported a mtoatef flow of 27 gal/«*p/toy fox a purely residential axaa 
of BaaBsy «lty* tone study Baa xepoxiai Mxtoran hourly flow to to* totoa 
too average tolly flaw and mtotowa Bwsxly flaw to la ana »ixte*ato of too 
average tolly flow. 


2*2 Sffaat af Tsaperaturaoa BOO Bata Constant 

fin rates af Mat eBaaieal reactions Increase wlto toereaatog 
tenpexetuxe* tin change to epeoifie xata constant wlto change af twapexature 
tax any etnple ahaaiaal reaotlote ie wanally exyreeaed By A rrti s aacra 

equation (22)* tola aquation states* 

_ mJSL» * * * 

- we ##$#***##### mQmm f 

ton it to too tpeelf to reaction xata aanatoat* f to too (Mate teq w* 
xataxa* 1 to toa gaa oeastwnt awl 1 to a aanatant oBaxaateretto at too 
xaaatoan aat to else tamed aa tin aattotottoa energy. Integration af tha 

•ter* aquation between tin ltolto f 1 ant f # and • to ?1 if to* Visa ytoltai 

JjI _ J 3 ^ 

k- 


*#**«*#***•* 2*2*2* 
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where 

i E(f *» T ) 

°V " 2 1- and v and k are rate constants at 

EEl f 2 1 

temperature T, and * 2 respectively. 

Considering a small temperature range encountered during SOU 
study the product of and will he nearly constant* Therefore 
can he equated to a(T 2 ”^^ 5 where A is a constant. Hence equation 
(2.2.2) can he rewritten ast 


h . . - 1,) 

*1 

^ * 0 **‘*1 


2.2.J 


2.2.4 


where are rate constants corresponding to common logarithm 

at temperatures and respectively* 

Humber of workers have studied the effect of temperature on rats 
constant. Streeter and Phelps (29) deduced the relationship between 


irate constant and temperature as follows? 

X* - K 20 i 1.047 5 ” 20 2.2.5 

where K^, and 


KgQ are rate constants at temperatures T and 20*C 


respectively. 



n 

According to then tho above is valid la tho range of 2 - 40 C. 
Tho above weak *u confirmed by Theriault (j$). However, 80 teas (24) pos- 
tulated different equations for different ranges of tesper&ture* Us find- 


ings are given below* 

for 5-t5°C, * 1.108 1-20 . . . 2.2.6 

for 15-40°C» * So x I* 0 **** 20 * * 2 * 2 «7 

for 50-40°C f ^ - K 20 (.965) T " 2 ° 2.2.6 


Axeeivala and (Sajendragadkar (2) using the relationship glean 
by Phelps (29) reported that the rate constant increased with increasing 
t separators upto a maximum of 30°C. While Bewtra and Hadhaoharan (l) found 
the rate constant starts deoreaslng after 57^C. 

For nany years the dilution method (4) has been the standard teat 
to measure the BOB of a wastewater, area though many objections have been 
raised by its users (3t)»(32).(33).(34>.(35).(36 

Some of these objections are that the dilution method uses a 
snail waste sample volume, homes deoreaslng the probability of a represen- 
tative sample. Several dilutions of the unknown sample must be mads since 
the oxygen demand of the sample can not exceed the solubility of oxygon in 
dilution water. Manoaetric methods of observing oxygen uptake are frso from 
above objections (39). In this method one observes physical change in the 
system and the sample is not disturbed. The manemetrio method is specially 
well suited for the study of reaction rates sines the variables axe subjected 
to better control andjreadlnga at small intervals of time msy be taken without 
disturbing the sample (34). 

Xh tho present study Warburg respirometer was used to deterslno 



the effect of temperature on BQ0D rate constant* In this method the oxygen 
uptake in ag/l Is given by the following equation (38)* 

w » Eh ......... ..**•• 2*2*9 

where w is oxygen uptake in ®g/l, h is the change in manometrie head sad 
K is a constant which is determined, for a flack* sample volume# tempera* 
tore K is given by the following relationship* 

~273* g 

K m "" ' "S h S 1 " " ♦ 

where V 8 is the total volume of the gas in the flask 9 connecting tube 
and nanometer to the level of manometer fluid reference point* ¥ is the 
absolute temperature of the bath* P Q is the normal pressure in am of 
Brodie’s solution which is 1000 em ( ocis the volume of oxygen In ml at 
B.T.P* absorbed by one ml of wator at the temperature ¥ when pressure 
of dry gas is 7&0 am of mercury and Vf is volume of fluid in ml* 

fool ( 39 ) studied manometxieally the effect of temperature 
on BOB rate constant and found out that the reaction rate constant at 
35°C eras double than at 20°C* 


Jf0< - 1430 

~J “V 



5# EXPERIWKtTTAL METHODS 


®h* wastewater characterized in the present study was free 
Hostel IT of Indian Institute of Technology, Kanpur* There are about 
400 students in the hostel and 50 ness servants living in the dormitory 
attached to the hostel* Thus the wastewater free the hostel consists of 
waste fren bath roens, water closets, kitchen washings and floor sweepings* 
5*1 Characterisation of Wastewater 

In order that study of characterization be meaningful oolloction 
of representative samples is necessary* Samples must be flxet carefully 
eolleeted over the tine period under study and then composited# Different 
steps Involved in the subsequent analysis are described in tbe following 
sections* 

3*1*1 Sampling r 

Samples were collected «ve*y boar ever e twenty fear hour • 
period and composited an tie basis of flew* In ell five sash ecnpeelte 
samples were collected on different weekdays* The minimum sample 
volune based cm flow was 120 ml as specified In Standard Methods ( 4 ). 

The hourly sample# wore stored at 3 - 4°C untill they were oempeeited. 

3*1*2 How Measurement 

The wastewater collection and treatment system far Hostel If 
is shewn in figure 1* The combined waste from various units in the hostel 
flows through manhole A* Samples wore collected from thin manhole* Hen 
the manhole wastewater flows to a septic tank through a f* sower line* 

Tran septic tank tbe wastewater Is periodically pumped out by a pomp 
end discharged ever nearby fields* 
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FIG. I SITE PLAN OF HOSTEL W. AND WASTE DISPOSAL 
SYSTEM 



The total flow 1 b any tine period was calculated by equating 
it to tiie mm of amount pimped and tbit stored in the septic tank within 
that interval* The discharge of pump was determined with the help of a 
Y notch and also by using a dye* The dye was introduced at the suction 
end of the poop and its tine of appearance at the outlet of the delivery 
pipe was noted* The discharge of the pomp was calculated using the 
length of pipe* its disaster and the observed tine of flow* Xt was 
found to he 10000 gph* Knowing the floor area of the septio tank storage 
was determined by noting the level of the waste water in the tank* 

Depending upon punping hows and waste flow the storage was either 
positive on negative* 

3*1*3 Analysis of Samples 

Each composite sample was analyzed in triplicate according 
to Standard Methods ( 4 ) for the following characteristics* 
a* Temperature, 
b. Hydrogen ion concentration* 

c« Total solids* dissolved* suspended, volatile and fixed fraction* 
d* Chlorides* 


e* Ammonia and Organic Hitrogen* 
f* Total Phosphate. 


g* Chemical Oxygen Demand, COD* 
h. Biochemical Oxygen Demand, BOD* 

<fr 

For the determination of BOD in all the experiments a 2$ dilution/ 
of the waste was used* This figure was arrived at by ashing sons preliminary f 
stadias. 


3*2 Effect of Temperature on BOD Rateconstant 


Temperature effect on BOD rate constant was determined by dilution 



•ad Warburg method. 


3.2.1 Study by Conventional Method 

The BOS of fire composite samples tree determined at different 
temperatures shown in column 3 of Table 1. 

TABLE 1 

BATES 01 WHICH SAMPLES WEBS COLLECTED ABB RESPECTIVE TEMPERATURES 
OF IRCUBATICW FOR BOB DETERKIHATIOH 


Sample Bo. 

Bate of Collection 

Temperature of Incubation for 

BOB Determination 

!§ 

MHCIBMH 



t 

21 . 9.67 

30 

2 

10 . 10.67 

40 

3 

12 . 10.67 

20 

4 

18.10.67 

10 

5 

21.10.67 

45 


In addition to that aaeh sample was analysed far BOB at 35°C. This 
wan done with a view to see if there was a change in characteristic ef the 
waste cm the fire different oecasslona that it was sampled. Any change 
weald hare resulted in a significant variation of the rate constant at 
35°C. In aneli a ease the difference between the values ef rate Constanta 
at other temperatures would not have Been due to only * difference ef 
temperature. To deteasine the sate constants oxygen consumed was determ- 
ined every day fer a period of six days. For each observation triplicate 
samples vers analysed. 




3*2.2 Study by Warburg Respircaeter 

This part of tba study was carried out with grab Mafias of 
wastewater from the hostel. Oxygen uptake by tba sample* was detexaiaed 
ao cording to method described in Standard lathad (3S)» uptako was 
detexaiaed at 20,25*30,35,40 and 45°C over a period of 24 hours. For each 
temperature triplicate staples wore analysed. 



4. RESULTS JOB DISCUSSIOH 


4*1 Flow Measurement 

The hourly -variation of flow on the five days on which Maples 
were collected is shown in Figure 2. The figure also shows the average 
of these values. The mother of residents on the five days of sampling 
varied fnoa 432 to 462 with an average of 430. The average variation 
shown in the figure is not weighted according to population as -tee 
variation in population was snail. 

The per capita discharge from the data of Figure 2 was found 

to he 128 gpd. It is seen that the average waste flow pen capita per 

# 

day is such higher then that assuaed in Indira conditions which is 
shout 30 gallons per capita per day ( 2 ),( 7 )» (l 2 ),(l 3 )»( 40 )« She nasdarasi 
and ainiaua hourly flows occured at 7*3® A.K. and 3 A.M* respectively. 

The reasons for high flow are a twenty four hour supply, astute** 
ance of high pressures, leaks and automatic flushing of urinals through 
out Ihe day. Contrihuticn from the last two factors mentioned above era 
he estimated from the flew during the late hours of night. This is of the 
order ef 1500 gplu This amounts to about 80 gped. Taking thin into account 
the wastewater flow reduces to only 4 ® gped. A high wastewater flow fan 
be indicative of efficient and liberal water supply, bat also an excessive 
wastage. The wastage set only adversely effects the sewerage and pasping 
systes hut tains the water supply systen also. The peak at 7*5° A at. is 
due to high usage ef water for bathing and flushing etc in the morning 
hours. 

Free the variation of flow shown in Figure 2 the ratios of naxiawn 
and ml n isu a hourly flews to the average flew are found to bo 1.6 and 1.6 








respectively. While the ratio of aaxlsva to average is in confoiaity of 
the values reported in chapter 2, the ratio of ainimoa to average Is cone- 
derably high. This again indicates a constant wastage. 

Table 2 shows the statistical analysis of wastewater flow data. 
This has been plotted on arlthn&tie probability paper in Figure J. 

TABLE 2 

FREQUENCY TAILS FOR ? LOME OF WASTEWATER GENERATED EACH BOOR 


BffiSRSI 

21.9.67 

Occurences 

10^10*67 12.10.67 10.10.67 

21.10.67 Total 

Pereaat 

Cmilatlvi 

Frequency 

(T5 

I 2 ) 

(3) (4) 

(5 

(65 ItT 

TO 

0-10 

- 

- 

- 

- 

m 

- 

0 

10 . 1-15 

5 

3 

3 

5 

- 

14 

11.7 

15 . 1-20 

5 

3 

2 

1 

7 

18 

26.8 

20 . 1-25 

2 

4 

6 

7 

6 

25 

47.5 

25 . 1-30 

6 

8 

1© 

7 

6 

37 

78.0 

30 . 1-35 

3 

2 

1 

1 

1 

8 

85 

33 . 1-40 

0 

5 

4 * 

5 

2 

8 

91.5 

40 . 1-45 

3 

1 

1 

2 

1 

8 

98.5 

45.1-50 

- 

- 

1 


- 

1 

99 

51.1-55 

m 

- 

- 

e* 

1 

1 

99.99 

Total 

n f 

24 

24 

24 

24 

24 

120 







The importance of the statistical analysis lies in the fast that 
it provides the basis for assignment of process and hydraulic floss* 

Process design criteria axe usually based an 50 percent values chile the 
90 percent "to 99 percent range is used for the hydraulic design (15)» In 
the present ease 95 percent of times the discharge is equal to or 1ms than 
4000 gph. This value Is quite olose to the maximum flov observed* 

4*2 Analysis of Semples 

The composited sample see analysed for various oharaotersties and 
constituents as listed in Chapter 3* These results ere mew e rimed in 
Table 3* 

The pH of the water supply to the hostel lies between 7* 7-8*1 (4l)» 
It ic aeon fren Tabic 3 that there is an increase of pH of water whan it 
is need* Thiseould bo due to opportunity for dissolved carbon dioxide to 
eseapo from water and also due to addition of eenpounda of ammonia* phoe- 
phate etc. These values are consistent with these reported in literature 
for denestis wsstswster* 

Tbs temperature of water supply during the period of sample 
collection varied between 2>- ?, 6 0 C t while the daily mean temperature of 
the wastewater on the days of sampling was between 26*5 * 29*5°C. This 
expected as the water absorbs heat during ita usage* 

The average total solid content ef the wastewater is 752 mg/L* 
for seme other Indian eities total solid content has been reported in 
the range ef 1500-2200 mg/l (7)»(«).(l3).(l4)* The lower total solid 
content in the wastewater from the hostel is due to approximately thrse 
tinea next water consumption per eaplta then in other Indian eities. 

It is also seen that the volatile fraction is 33 percent of the total 
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solids concentration 

the chloride content of the campus water supply is about 
40 fflg/l (41 ) * whereas the chloride content for the wastewater has 
been found to he 55 mg/l* This shows that there is an increase of 
13 ng/l in the chloride content* It has hsea reported that due to 
honan usage the chloride content of wastewater rises by about 15 ag/l(5). 
Bowewer this figure ie dependent on daily per capita consumption of 
water* 

Anaemia nitrogen content is such lower than the organie nitr- 
ogen, indicating that decomposition of wastewater has not started* As 
compared to other studies quoted in Chapter 2 the values sf aaaonia and 
organic nitrogen content as shown in Table 5 are lower* The reason again 
ie a high per capita consumption ef water* 

The concentration of phosphorous in the wastewater ie 5*7 ag/l 
which is of tits saao order as reported by other investigators* The con- 
centration is sufficient for any t rents ent process to proceed satis- 
factorily (15). 

the concentration of biodegradable organic natter as reflected 
by the 5-day, 20°C BCD value in the waste is that which would ho expe- 
cted in s domestic waste* The 5-day, 20°C BOD and ultimata, 20°C BOB 
as semputsd from the observed values at 55°C are 158 ng/l •*8 115 ngA 
respectively, the rate constant at 20°C, Kg© eelculeted from the obse- 
rved data at 35*6 is 0.145/day. This value is consistent with the 
values reported by others* 

figure 4 shows the relationship between COD and ultimate, 

20°C 1C®. It is assn that the ultimate, 20°C BOB of the wastewater 





la about 56 pare eat of the COD value. 

As it baa been pointed out earlier the concentration of various 
impurities la wastewater depends upon the per eapita consumption of 
water and else on their concentration in water supply* Therefore any 
waste characterisation data will be mere meaning ful if it ia expressed 
on the basis of per eapita contribution. This data can be weed for the 
design ef wastewater treatment systems for places having different 
water supply oondltions. Table 4 shows such an analysis of the present 
data* 

TABLE 4 

DAILY PEE CAPITA CQBTBIBOTIGH OP WASXEWATEB COBSTITUKHTS 


Char&cterstie later Supply 

ng/l 

Wastewater 

1 

«gA 

Differenoe 

of (3) •»* (2) 
vsh 

Contribution 

Iba/eap/dey 

VU 


(5) 


jg. 

Total Solids 

600 

752 

152 

0.16 

Dissolved Solids 

575 

641 

66 

0.07 

Snapsndod Solids 

25 

112 

86 

0*09 

Ammonia Bitregen 

Bil 

4.4 

4*4 

O.OO 47 

Organic Bitregen 

Bil 

7*5 

7*9 

0.0085 

Total Phosphate 

0*5 

34 

5*2 

0*003 

Chlorides 

40 

53 

13 

0*014 

5-day, 20°C BOD 

Bil 

115 

113 

0.12 

the -value ef daily per capita contribution of solids as eeuparsd 


to that reported by Pair and Coyer (22) is rather low* The reaeon for this 
nay be dee to the foot that the anthem have not taken into aeoeunt 





26 


concentration of substances in the water supply. 

The value of daily per capita contribution of nitrogen is about 
half of the value reported for U.S.A. (ll). The BOD to nitrogen ratio 
in the present case is approximately 100*15 as compared to 100*50 for U.S.A. 
This shows that in our case a waste containing higher nitrogen content can 
be mixed up with the domestic waste water and be treated satisfactorily. 

The daily per capita contribution of chlorides in the present 
study agrees with that reported by others (6), (22). 

The per capita contribution of BOD is perhaps the most important 
parameter in the design of wastewater treatment and assessing population 
equivalent for industries. This value was found to be 0.12 lb/cap/day in this 
study. If is observed that it is higher than those reported for some 
other places in India which lie in the range of 0,06-0.1 lb/cap/day (2)»(42). 
The present value is in better agreement with those reported in U.K. and 

U.S.A. as cited in Chapter 2. The reason for a high per capita BOD is that 

qv\4u) estate 

consumption of food stuff in the hostel is more than that in an average 

A 

Indian community. 

4*5 Effect of Temperature on BOD Bate Constant 
Effect of temperature on BOD rate constant was studied hr standard 
BOD technique and Warburg respirometer. The results are discussed in 
following sections. 

4.J.1 Study hr Standard BOD Technique 

Observed BOD values used to calculate the rate constant at 
different temperatures are listed in Table 5» The rate constants are 
calculated according to Fujimoto’ s method. Appendix A. It is seen that 
the rate constant at 35*C for the five samples lies in the range of 
.27-«3l/day. It may he concluded from the observation flat the waste 



chaxacterstics as far as the biodegrability of organic matter is 
eoneemed did sot change os the different days of sampling. There- 
fore it is as staled that the variation is rate constants when samples 
collected on different days were incubated at different temperatures 
reflects only the effect of tmapenature. 

TABLE 5 

BOD PROGBESSIOH AT DIFEEREST TEMPERATURES 


Days 

Sample I 

Sample II 

Sample III 

Sample XT 

Sample 7 


35®C 

30°C 

35°C 

40°C 

55°C 

20°C 

55°C 

10°C 

35°C 

45°C 

1 

103 

97 

106 

95 

95 

70 

90 

0 

50 

10 

2 

153 

144 

163 

140 

142 

105 

138 

9*5 

75 

45 

5 

1T5 

166 

185 

176 

167 

150 

152 

12.5 

85 

65 

4 

180 

175 

208 

195 

172 

148 

180 

28.4 

105 

90 

5 

189 

185 

218 

210 

182 

159 

186 

45.5 

110 

too 

6 

195 

190 

230 

222 

185 

168 

190 

60 

110 

110 


198 

195 

233 

257 

192 

180 

192 

185 

113 

130 

K 

0.31 0.27 

0.27 0.19 

0.51 

0.17 

0.29 

0.05 

0.27 

0.13 


6 figures 5 and 6 shoe the data of Table 5 plotted as percent of 

ultimate BOD satisfied versus tine* The curves In these figures corres- 
pond to first or&ar reactions having respeotlve valuos of tho rats cons- 
tants shown in Table 5* The curve and data for 35°C are plotted on the 
basis of naan of the live values. In the ease of incubation tenperatore 
of 10°C there was a lag of two days in exertion of oaygam demand. There- 
fore while calculating the value of rate oonatant the first toe observation 





OBSERVED DATA 

10° C 

__c> 

20 C 

30° C 

35° C 


THEORETICAL CURVE 


TIME t, days 

FIG. 5 BOD PROGRESSION WITH TIME AT 10,20,30 & 35 °C 
(STANDARD BOD TECHNIQUE; 




OBSERVED DATA 

• 40° C 

O 45° C 
o 

A 35 C 


THEORETICAL CURVE 


TIME t, days 

FIG. 6 BOD PROGRESSION WITH TIME AT 40, 45 &35°C 
(STANDARD BOD TECHNIQUE) ' 




*®*® neglected. It is seen from Table 5 and Figures 5 sad 6 that the 
rate constant increased with increasing temperature up to 35 °C and 
than started decreasing. 

To obtain a relationship between value of K and tenperatore 
the data is plotted according to the following equation) 

*2 fx V*1 

*4 « 0 * 1 ............. 2.2.4 

*■1 

The data and the theoretical plot is shown in the Figure ?. It la 
observed that rate constant increases with inoreas# In tenperatore 
in the range of 10- 4,5°C at a deereasing rate. This ia expected as 0 
which has been assumed to bo constant actually charges slightly with 
change in tenperature. Bats constant starts decreasing above a tenpex- 
ature of 34 . 5 °C. The reason for this is '$ inaotiviation of eaxyses 
catalysing the biocheaioal reaction $( 43 ). Gotaas ( 24 ) observed that rate 
constant starts deeressing ofter J0°C and attributed it to decrease in 
the activity of nosophilia bacteria after 30°C. This was confirmed by 
Aroeiwala and Gaj endragadkar (2) Bewtra and Badha Charan (l) observed 
that it decreases after 37 °C. 

Vxm the observations it is seen that three curves cm be drawn 
with the help of observed data. The equations of these curves are as 
follows t 

for 10-20°C * * *20 1 ’ 1126f ” 2 ° • * * • 4*5.1. 1 

for 20-35®C , I, -Igo 1.042 f “ 20 .... 4.3*1. 2 

for 35-45°C ♦ % * *35 0.9226 1 " 55 .... 4.3.1.J 



TEMPERATURE, C 

FIG. 7 RELATIONSHIP BETWEEN TEMPERATURE AND BOD RATE 
CONSTANT (STANDARD BOD TECHNIQUE) 









below* 


5 * 

Bewtra and ladhacharan (l) hair® found out similar equation listed 


for 5-1 5*C, - K 20 1-1 09 T ” 20 4 . 3 . 1. 4 

for 15-40*C, - K 20 1.041 T " 20 4.3.1. 5 

for 30-40*C, K* - Kg 0 0.9657 f “ 2 ° 4 . 3 . 1.6 


It is seen that in the present study the value of & in the frequently 
used range of 20-35*0 comperes well with the values reported by ether 
investigators (l ), (24), (29). 

She observed value of rate constant at 20*C, is 0.17/day which 
is consistent with the values reported hy others (l), (3), (24) , (25)* (26). 

Pair and Geyer (ll) reported the activation energy B of tie BOD reaetie 
to he 7900 Cal in the temperature range of 15-30*0. Considering tbs values a 
rate constant at 20 and 50*C in the present study it has been found to be 
6000 eel which is in agreement with the value reported by Pair and Geyer. 

4.3*2 Study by Warburg Bespirometer 

figures 8 and 9 show the results of study using Varburg respirometer. 
Tbs data has been obtained in the sane manner as that for standard BOD tech- 
nique. It is seen from figure 8 and 9 that whan observations are taken over 
short period of time (hours) there is a greater divergence between the theo- 
retical and observed values. Figure 10 shows tbs relationship between the 
change in rate constant with change in temperature, the two curves describe 
the relationship are as follows* 

f-20 

for 20-36*C» XJg • KgQ 1.042 *«*•••»»•*••**•• 4.5*2. 1 

for 36—45*0* Iji ■ O .8626 ^ •••**•**»«•»*»»* 4. 5*2.2 

The value of $ in the range of 20-36*C is again seen to ba eonsistea 
with that reported by others. The value of rate constant at 35*C from 
this data is approximately double the value of rate constant at 20 # C. Simi- 
lar ratio of K values at 35*C and 20*C has been reported by Tool (39). 



PERCENT BOD SATISFIED 



FIG. 8 


TIME t, days 

BOD PROGRESSION WITH TIME AT 20,25,30 & 35° 


PERCENT 



TIME t, days 

FIG. 9 BOD PROGRESSION WITH TIME AT 35,40 & 45° 
(BY WARBURG RESPIROMETER) : 





0.4 



TEMPERATURE C 

FIG. lO RELATIONSHIP BETWEEN TEMPERATURE AND BOD RATE 
CONSTANT (BY WARBURG RESPIROMETER) 


Values of rate constant determined by Warburg method as* approximately 
JO percent hi ghs** than those obtained by conventional BOD method* Dee (32) 
and Gellaan ( 36 ) have reported sate constant values by Warburg to he 
15 percent higher than that by conventional method. The higher difference 
in the present ease nay be due to the fact that the teat was run for 
24 hours only during which rats constant nay he higher aa compared to * * 
subsequent period. 

It in observed from the BOB progression curves that it toes not 
follow a smooth curve* Instead after 4-8 hours there is decrease in the 
reaction rata for acne time, after which it proceeds with different rate* 
This fact shows that the assumption that BOB pregreeaien is first order 
reaction ia only approximately true. 



5. C05CLUSIGMS 


The study carried out on the wastewater fro* hostel IT of Ihdisn 
Institute o f Technology, Kanpur has revealed the following! 

1* The average wastewater flow per capita was 128 gallons/ day. 

2* The ratio of naxlmua and minimus flows to average flow was found to 
he 1.8 and 0.6 respectively. 

5* The per capita contribution of various constituents in the wastewater 


was as follows t 

Total Solids 
Dissolved Solids 
Suspended Solids 
Aaaonla Hitrogen 
Organic Nitrogen 
Total Phosphate 
Chlorides 
5-day ,20°C BOD 


0.16 lhs/day 

0.07 (3^ Volatile) Ibs/day 

0.09 (18^ Volatile) lhs/day 

0.0047 lhs/day 

0.0085 lhs/day 

0.005 lhs/day 

0,014 lhs/day 

0.12 lhs/day 


4 . The 5-day, 20°C BOD of the wastewater was found to he 113 *gA (which 
corresponds to 0.12 Ihe/oap/day. The BOD reaction has s rata constant (K 2Q ) 


equal to 0.17/day. 

5. Ultimate, 20°C BOD was found to he % percent of the COD value. 

6. Variat ion of the rate constant with tssparature followed the following 


relationships! 


Standard BOD method 

for 10-20°C , lj« 1.1126® 20 * * ... * 4»3*1*1 

f»r 20-55*0 .«,-*» I."*** 20 4 - 5 * 1 ‘ a 

f« 55-45°0 . ' *75 °- ,52<I ' 35 
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Marburg Method 

for 20-36*C, X* - Ego 1.042*" 20 4*3>2*1 

for 0.M26 1 - 56 • 4*3*2e2 

7. BOB rote - constant increases with rise in temperature upto 

35*C and above it the rate constant starts decreasing* 
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APPENDIX A 


FUJIMOTO'S METHOD POP DEEBBMHA1TIOH OF BOD 
BASE COKSTAM AID ULTIMATE BOD 


Detemination of BCD 
late Coma taut and Ultiaate BOD fox 
Saaple I at 55°C 




APPEHDIX B 


list of msssmsicm 


Biochemical Oxygen Pea and. 

BOD 

coatlasetar(a) 


uiMBioai uxygOT. iwm 

COB 

gallons par capita par day 

gped 

gallons par day 

gpd 

gallons p#r houx 

gpB 

aUligraas par litar 

»«/l 

alllilitar(s) 

al 

Xoxaal Temperature and Pressure 

HTP 



